The paper presents the process of modeling and designing control laws for four-rotor type of the Parrot UAV. The state space model is obtained by using several phenomena like gyroscopic effects for rigid bodies, propellers and rotors. The obtained model has been used to design PID control laws for roll, pitch, yaw angle and altitude, respectively. The numerical simulations of the closed loop model are shown that system in satisfy way stabilize flight of the quadro-rotor in all considered directions.
INTRODUCTION
Autonomous Unmanned Air Vehicle (UAV) are increasingly popular platforms, due to their use in military applications, traffic surveillance, environment exploration, structure inspections, mapping and aerial cinematography. For these applications, the ability of quadro-rotor to take off and land vertically, to perform hover flight as well as their agility, make them ideal vehicles. Such vehicles require little human intervention from take-off to landing. This helicopter is one of the most complex flying system that exist. This is partly due to the number of physical effects (aerodynamics effects, gravity, gyroscopic, friction and inertial counter torques) acting on the system (Derafa et al., 2007; Kimon, 2007) .
Helicopters and quadro-rotors are dynamically unstable and therefore suitable control methods are needed to stabilize them. In order to be able to optimize the operation of the control loop in terms of stability, precision and reaction time, it is essential to know the dynamic behavior of the process which can be established by a representative mathematical model.
DYNAMIC MODELING OF THE PARROT
The Parrot is equipped with the four-rotor helicopter. Each rotor includes a dedicated brush-less direct current motor, a gearbox and a propeller. The two pairs of propellers (1, 3) and (2, 4) turn in opposite directions. Forward motion is accomplished by increasing the speed of the rear rotor while simultaneously reducing the forward rotor by the same amount. Left and right motion work in same way. Yaw command is accomplished by accelerating the two clockwise rotating rotors while decelerating the counter-clockwise rotating rotors. Parameters of the Parrot are collected in Tab. 1. The dynamic model of the quadrotor describing the roll, pitch and yaw rotations contains three terms which are: the gyroscopic effect resulting from the rigid body rotation, the gyroscopic effect resulting from the propeller rotation coupled with the body rotation and finally the action of the actuators:
Tab
where: -moment of interia about X axis, -moment of interia about Y axis, -moment of interia about Z axis, -angular speeds of the rotors, -angular speed of the propeller Moreover the quadrorotor model describes the position of the Parrot versus the horizon. Neglecting hub forces and friction action, the equations in x,y,z directions are determined via the Newton-Euler formalism:
In the next step, the model of the Parrot described by Eq(1) and Eq(2) is simplified, by inserting new constant values (a1,...a5 and b1..b3), input signals U1,...U4 and parameters and . Then the model of the quadro-rotor is transformed to (Clavel et al., 2007) :
with
and (
where: -thrust coefficent of rotor, -drag coefficent of rotor.
As we can see in Eq(3) the model of the quadrotor is rewritten in the state space form ̇ ( )with the inputs vector and the state vector chosen as follows:
Then the obtained model in the state space form is expressed by:
where:
The dynamic model of the open loop system is expressed by matrices which values are derived from calculations and assumptions. Some of these parameters are calculated on basic parameters given in Tab. 1 
DESIGN OF THE CONTROL LAW
The main objective is to design the classic control law in order to stabilize the yaw, pitch and roll angles and the altitude of the Parrot. Stabiliziation of the platform is achived by designing four separate PID controlers controling pitch, yaw roll angles and the altitude position, respectively. Since the input signals of the model are angular velocities of particular rotors, so the obtained values of the control signals in the closed loop system need to be multiplied by the gain matrix K, represents transformation controller outputs to speed inputs for each rotor.The obtained block diagram with all controllers is shown in Fig. 3 . In the first step the altitude controller is designed to stabilize the vertical position of the platform. The first input of the controller is the altitude error that is the difference between the altitude value and the measurement value and the second -velocity in Z direction -̇ as altitude_d_error. The control law of this PID controller is as follows (Bouabdalth and Finally, the transfer function of the controller is:
During the simulations the changes of pitch, roll and yaw angles are assumed as zero. As a result, the PID controller generated only control signal U1 that caused hovering or falling of the model in vertical direction. Ipso facto all lift forces generated by rotors have the same value. Parameters of such PID controller are chosen by using the trial and error method and equal to: kp_alt=12, ki_alt=1.5, kd_alt=6, respectively.
Fig. 3. Altitude response of the closed-loop system
As we can see in Fig.3 , the closed loop system is characterized by very short time constant, specially in time range 20-100 s. Taking into account the first 20 seconds of simulation we can see that the system does not achive desired value of 0.8m. Perhaps it was caused by earlier assumption that the initial conditions of simulation equal to zero. The next step of the simulation is connected with the design of the pitch controller. Once again, based on two signals: pitch angle and velocity change of pitch angle -theta_dot the parameters of the controller are chosen as follows: kp_teta=0,2, ki_teta=0 kd_teta=0,15, respectively. Finally the transfer function of the controller is:
The controller ( ) generates the control signal U3 directly influencing the angular velocity of both front and rear rotors and indirectly influencing control signals U1 and U4. Therefore, in order to verify the parameters of the pitch controller the desired trajectory of pitch and roll angles and the altitude should be included. The next stage of simulation is connected with the design of the yaw controller. In order to choose proper values the parameters of the controller yaw and yaw_dot signals are taken as inputs. Finally, the parameters of the controller are as follow: kp_yaw=0,1, ki_yaw=0 kd_yaw=0,06, respectively, which lead to the transfer function described as:
The yaw controller generated the control signal U4 which influenced only the yaw angle. Thus, change of yaw angle does not caused change of other angles and altitude of the model. Moreover, how we can see in Fig.7 the model with PID_yaw controller very fast achived desired value. So, the closed loop model according with desired impulse very fast in first step rotates in right side and next left side. As we can see in Fig.8 also in this case the controller immediately stabilizes the roll angle. Especially, it is shown in the roll angle plot where the rising and falling times are very short. Furthermore, according to Fig.8 the change of the angular velocity of all rotors casued by the change of the control signal U2 does not infulence the altitude of the model. Such situation is also correct, because stablilization of the altitiude is achieved by the independent altitude controller.
SUMMARY AND CONCLUSIONS
The paper shows the modelling and control of the quadro-rotor of the Parrot. The first part is connected with derivation of the mathematical model by using Newton-Euler method. The obtained model is a MIMO model, so in the next step the model is simpilified and rewritten to the state space form with 12 variables of the state space vector.
Then the model is decoupled and for each signals: roll, pitch and yaw angles and the altitude the PID controllers are designed. The obtained results for all controllers proved that the whole closed loop system correctly stabilizes the motion of the Parrot.
In further investigations, the design of the global control law beetwen two Parrots will be considered. One of them will be a leader and the second will be a follower. Then, the results of such simulations for both Parrots (Leader-Follower) will be implementated to the auto-pilot in order to verify the control algorithms. 
